Introduction {#s1}
============

Gastroenteropancreatic neuroendocrine tumors (NETs), also called carcinoid, originate from diffuse neuroendocrine cells that are dispersed throughout the gastrointestinal tract and islets of Langerhans in the pancreas \[[@R01]\]. These tumors are characterized by their ability to secrete different kinds of peptides that can cause a wide spectrum of clinical manifestations. The incidence of NETs has increased about fivefold over the last four decades, likely secondary to advances in diagnostic modalities \[[@R02]\]. Gastrinomas are associated with increased production of gastrin and have varied presentations such as peptic ulcer disease (PUD), gastroesophageal reflux disease (GERD), diarrhea, or abdominal pain \[[@R03]\]. Gastric carcinoids (GCs) are rare tumors, the percentage of these tumors among all gastric malignancies is 1.8% and the proportion of these carcinoids among all gastrointestinal carcinoids is 8.7% \[[@R04]\]. The rarity of these tumors presents a problem for timely diagnosis and management. Here we present the clinical manifestations, diagnostic workup and treatment of a gastric NET in a patient who presented with vague complains of abdominal pain, nausea and vomiting.

Case Report {#s2}
===========

An 18-year-old man was referred to our gastroenterology clinic with complains of abdominal pain, nausea and vomiting for 2 years. The abdominal pain was epigastric, burning, intermittent, occurring 1 - 2 times per week and was relieved by proton pump inhibitors (PPIs). It was associated with watery diarrhea, nausea, vomiting, acid reflux symptoms and postprandial bloating. He reported that the episodes started with pain, and then progressed to multiple episodes of emesis and diarrhea for a few days. He denied any loss of appetite, weight loss, hematochezia or hematemesis and never underwent esophagogastroduodenoscopy (EGD) or colonoscopy.

His comorbidities included mild persistent asthma with no surgical history. He was taking albuterol, Montelukast and omeprazole with good compliance. Family history was significant for stomach cancer in grandmother. He was actively using cannabinoids.

On examination, vitals were normal and cardio-respiratory exam was unremarkable. Abdomen was soft, not tender, without any palpable masses or audible bowel sounds. A complete blood count, serum chemistry and liver function panel were within normal limits. The patient underwent an EGD that revealed a small 3 mm nodule on the lesser curvature of the stomach and prominent gastric folds ([Fig. 1](#F1){ref-type="fig"}). The examined esophagus, duodenal bulb and second part of the duodenum were normal. Biopsy revealed well-differentiated NET in lamina propria with focal extension into muscularis mucosa consistent with a GC ([Fig. 2](#F2){ref-type="fig"}). Tumor cells stained with neuron-specific enolase (NSE), chromogranin and synaptophysin only. The prominent gastric fold biopsy revealed gastric fundic mucosa with mucosal edema and focal mild chronic inflammation. Serum gastrin level was found to be 2,083 pg/mL (normal \< 100 pg/mL). Vitamin B 12 level was 1,151 pg/mL (243 - 894 pg/mL), and methylmalonic acid level was 94 nmol/L (87 - 318 nmol/L). Considering elevated gastrin levels associated with prominent gastric folds, our impression was that the patient likely had a type 2 GC and needed further evaluation for the presence of a possible gastrinoma and/or multiple endocrine neoplasia (MEN 1 syndrome). An octreotide scan showed abnormal uptake in the stomach consistent with a large GC without any evidence of metastatic disease ([Fig. 3](#F3){ref-type="fig"}). A computed tomography (CT) scan of abdomen and pelvis with contrast showed a lobulated soft tissue mass in the mid upper abdomen inseparable from inferior part of the liver and lesser curvature of the stomach ([Fig. 3](#F3){ref-type="fig"}). An endoscopic ultrasound (ESU) showed a 5 × 4 cm hypoechoic mass in the vicinity of pancreatic neck.

![A 3 mm nodule on the lesser curvature of the stomach (arrow) (left) and prominent gastric folds (right).](gr-11-075-g001){#F1}

![A well-differentiated neuroendocrine tumor in lamina propria with focal extension into muscularis mucosa consistent with a gastric carcinoid (hematoxylin and eosin stain, magnification: left × 40, right × 100).](gr-11-075-g002){#F2}

![Octreotide scan showing abnormal uptake in the stomach consistent with a large gastric carcinoid without any evidence of metastatic disease (left). A computed tomography (CT) scan of abdomen and pelvis with contrast showed a lobulated soft tissue mass in the mid upper abdomen inseparable from inferior part of the liver and lesser curvature of the stomach (right).](gr-11-075-g003){#F3}

The patient underwent exploratory laparotomy with resection of the mass. The lobulated mass was adherent to the lesser curve of stomach and anterior surface of pancreas ([Fig. 4](#F4){ref-type="fig"}). No infiltration into stomach or pancreas was identified. Immunohistochemistry was positive for chromogranin, synaptophysin and gastrin but negative for insulin. Immunostain showed \< 2% of tumor cells to be positive for Ki-67 ([Fig. 5](#F5){ref-type="fig"}). These findings, in conjunction with high serum gastrin levels, were consistent with a functional gastrin producing well-differentiated grade 1 NET (gastrinoma).

![Macroscopic picture of peripancreatic mass with a lobulated cut surface. The mass was adherent to the lesser curve of stomach and anterior surface of pancreas.](gr-11-075-g004){#F4}

![Histology of peripancreatic gastrinoma. Upper left (hematoxylin and eosin stain, please provide magnification). Immunohistochemistry revealed that the tumor cells are positive for chromogranin (upper mid), synaptophysin upper right) and gastrin (lower right) but negative for insulin (lower mid). Immunostain showed \< 2% of tumor cells to be positive for Ki-67 (lower right).](gr-11-075-g005){#F5}

To evaluate for the presence of MEN 1 syndrome, workup showed a serum parathormone level (37.4 pg/mL) as well as anterior pituitary hormone levels to be within normal limits. A 24-h urine calcium/creatinine excretion ratio was 0.007. Magnetic resonance imaging (MRI) of brain was done that showed a normal pituitary gland without any hypo-enhancement to suggest a pituitary adenoma. The absence of clinical, hormonal and radiological evidence was not consistent with MEN 1 syndrome. However, considering that a few cases of patients with no clinical features of MEN syndrome were found to have MEN syndromes on genetic testing, we referred him for genetics counseling and further testing for MEN1 syndrome.

Our impression was that the patient had a sporadic primary peripancreatic gastrinoma associated with type II GC. A repeat EGD for further evaluation of duodenum was performed with biopsies taken from stomach and duodenum. No evidence of NET was seen on pathology. A repeat gastrin level 1 week and 2 months after surgery was 69 and 58 pg/mL, respectively.

Discussion {#s3}
==========

In 1956, Dr. Robert M. Zollinger and Dr. Edwin H. Ellison described two cases, at the annual meeting of the American Surgical Association in Philadelphia, of patients with multiple, recurrent and severe ulcerations in the proximal gastrointestinal tract controlled only by total gastrectomy associated with tumors in pancreas. They first proposed the diagnostic triad of mucosal ulcerations in unusual locations such as distal duodenum or proximal jejunum, gastric acid hypersecretion, and presence of non-β-cell pancreatic tumors that was eventually known as Zollinger-Ellison syndrome (ZES). In the 1960s, gastrin was first discovered as a key hormone in the pathogenesis of the Zollinger-Ellison syndrome \[[@R05]\].

Gastrinomas are NETs derived from multipotential stem cells of endodermal origin. There are three types of GCs: type 1 GCs (70-80%) are associated with chronic atrophic gastritis and pernicious anemia, typically seen in women 50 - 70 years of age. They are associated with an elevated gastrin level and gastric pH. Type 2 GCs (5-10%) are associated with MEN 1 syndrome and ZES. They are associated with a high gastrin level but unlike type 1, the gastric pH is low. Type 3 GCs (\< 20%) have a male preponderance with a mean age of 55. Unlike type 1 and 2, the gastrin level and pH are normal \[[@R06]\]. Type 1 and type 2 GCs develop because of hypergastrinemia causing hyperplasia of precursor ECL cells. Excessive gastrin secretion from a gastrinoma results in high gastric acid output due to the trophic action of gastrin on parietal cells and histamine-secreting enterochromaffin-like (ECL) cells. There is no evidence of hypergastrinemia or abnormal gastric acidity in type 3 GCs. There is an absence of ECL hyperplasia in the corpus mucosa that is evident in type 1 and 2 GCs \[[@R06]\].

The most common symptoms at the time of presentation include abdominal pain (75%), diarrhea (73%), heartburn (44%), weight loss (17%), and gastrointestinal bleeding (25%). Patients rarely present with only one symptom (11%): pain and diarrhea being the most frequent combination (55%).

Over 90% of patients with ZES develop peptic ulcers, usually less than 1 cm in diameter. Ulcers are more likely to be refractory to PPIs and to recur as compared with patients with sporadic ulcer disease. An important presenting sign that should suggest ZES is prominent gastric body folds, which may be present on EGD in 94% of patients. Patients may also have evidence of reflux esophagitis. However, strictures of the esophagus, pylorus, or duodenum are present in less than 10% of patients \[[@R07], [@R08]\].

ZES should be suspected in patients with multiple or refractory peptic ulcers; ulcers distal to the duodenum; peptic ulcer disease and diarrhea, enlarged gastric folds, or multiple endocrine neoplasia type 1. Initial evaluation in a patient with suspected gastrinoma should begin with measuring a gastrin level. If gastrin levels are not diagnostic, a secretin stimulation test should be considered \[[@R9]\]. Any patient diagnosed with ZES should also be screened for MEN 1 syndrome \[[@R10]\]. Tumor localization should begin with an EGD. Radiologic imaging (CT, MRI) is recommended before undergoing any surgical exploration to localize the lesion and identify or rule out metastatic disease; however, both frequently miss tumors smaller than 2 cm. Somatostatin receptor scintigraphy (SRS) has a higher sensitivity than conventional imaging and is the imaging study of choice for identifying primary tumors and metastatic lesions in ZES. In recent years, ESU has also become an important tool for localization of endocrine tumors located in the pancreas, as it allows good visualization of sub-centimeter tumors. If CT/MRI and SRS are negative, and surgery is being considered, an EUS should be performed because of its greater sensitivity in detecting small tumors and a fine-needle aspiration for histological identification can also be performed \[[@R05]\].

In patients with ZES as part of the MEN 1 syndrome, medical therapy with PPIs is the standard of care, whereas in patients with a sporadic gastrinoma, without evidence of metastatic spread of disease, they should be treated with exploratory laparotomy with curative intent \[[@R08], [@R11], [@R12]\]. More than 80 of sporadic gastrinomas are located in the gastrinoma triangle created by confluence of the cystic and common bile duct superiorly, the second and third portions of the duodenum inferiorly, and the neck and body of the pancreas medially, both dorsally and ventrally \[[@R08]\]. Our case was unique as the peripancreatic gastrinoma was diagnosed in an 18-year-old patient.

In conclusion, gastrinoma diagnosis should be prompted by high index of suspicion based on clinical presentation, and confirmatory biochemical testing should be performed. Sporadic and MEN 1 syndrome associated variants should be distinguished. All patients without contraindication to surgery should undergo surgical exploration following radiological and nuclear localization studies.
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